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REMARKS 

I. Status of the Claims 

This Request for Continued Examination and Amendment is being submitted in response 
to the final Office Action dated July 2, 2009 in the above-identified application. Concurrentiy 
with this Amendment, Applicant submits a petition for a three-month extension of time for filing 
a response, along with the requisite fee. Therefore the time for filing a response to the July 2, 
2009 Office Action is thereby extended to January 2, 2010, and this Amendment is being timely 
filed. If it is determined that any additional fee is due in connection with this filing, the 
Commissioner is authorized to charge said fees to Deposit Account No. 50-0552. 

Claims 29 and 34 have been amended without prejudice. Support for these amendments 
can be found, for example, on page 5, lines 20 to 22, and page 51, lines 13 to 19 of the 
specification as filed. 

Claims 1 to 28 were previously canceled without prejudice via preliminary amendment 
dated October 10, 2006. Claims 33 and 35 have been canceled without prejudice in the present 
Amendment. 

Claims 29 to 32, 34, 36 and 37 are now pending. 

Applicants respectfiiUy submit that no new matter has been added by virtue of this 
amendment. 

II. Claim Rejections- 35 USC §102 

In the Office Action, the Examiner maintained the rejection of claims 29 to 32, 34, 36 
and 37 under 35 U.S.C. 102(b) as being anticipated by Yue et al. (WO/2002/026982). 

Independent claim 29, as amended, recites: "A method of diagnosing cancer comprising 
detecting human C20orfl02 protein present in blood, serum or plasma." 
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Independent claim 34, as amended, recites: "A method of diagnosing cancer comprising 
the steps of: (a) collecting blood, serum or plasma from a subject; and (b) detecting human 
C20orfl 02 protein contained in the collected sample." 

As shown in the amended independent claims 29 and 34, the present invention is directed 
to a method of diagnosing cancer comprising detecting human C20orfl02 protein present in 
blood, serum or plasma. The Yue et al. reference does not disclose a method for detecting 
C20orfl02 protein in blood, serum or plasma. As admitted in the Office Action on page 5, line 
12, "Yue et al. does not teach a sample from a subject comprising blood serum or plasma." 

Therefore, Applicants submit that the Yue et al. reference does not show or teach "A 
method of diagnosing cancer comprising detecting human C20orfl02 protein present in blood, 
serum or plasma" as recited in claim 29. The Yue reference also does not show or teach "A 
method of diagnosing cancer comprising the steps of: (a) collecting blood, serum or plasma from 
a subject; and (b) detecting human C20orfl02 protein contained in the collected sample" as 
recited in claim 34. 

Accordingly, independent claims 29 and 34 are not anticipated by the Yue et al. 
reference. 

For the foregoing reasons, withdrawal of the rejection under 35 U.S. C. § 102(b) to claims 
29 and 34, as well as, dependent claims to 30 to 32, 36 and 37is respectfully requested. 

III. Claim Reiections- 35 USC S103 

In the Office Action, the Examiner maintained the rejection of claims 29 to 37 under 35 
U.S.C. 103(a) as being obvious over Yue et al. (WO/2002/026982) in view of Ruben et al. (U.S. 
Patent 7,169,565). 
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Secreted proteins are not limited extracellular proteins 

In the Office Action, the Examiner alleges inter alia that detecting C20orfl 02 protein in a 
sample such as blood, serum or plasma is prima facie obvious from Yue et al. in view of Ruben 
et al. which discloses general techniques for detecting polypeptides in biological analytes. See 
Office Action, page 5, lines 17-20. Applicant respectfully submits that Yue et al. teaches that the 
molecule of SEO ID NO:3 (polypeptide) has 51% local homology with a mouse transmembrane 
protein (GenBank ID g7259265). This means that the C20orfl02 protein has 51% local 
homology with a transmembrane protein and is suggested to be anchored on a cell surface. 

Ruben et al. discloses a method for detecting a protein present in free form in blood, 
serum or plasma. In view of the different nature of the two proteins, a person skilled in the art 
would not have been motivated to detect a transmembrane protein anchored on a cell suggest 
using the method for detecting a protein present in free form in a sample. Thus, a person skilled 
in the art would have no reason to combine the teaching of Yue et al. with the teaching of Ruben 
etal. 

Therefore, Applicants submit that neither the Yue et al. reference nor the Ruben reference 

show or teach "A method of diagnosing cancer comprising detecting human C20orfl02 protein 
present in blood, serum or plasma" as recited in claim 29. Applicants also submit that neither the 
Yue et al. reference nor the Ruben reference show or teach "A method of diagnosing cancer 
comprising the steps of: (a) collecting blood, serum or plasma from a subject; and (b) detecting 
human C20orfl02 protein contained in the collected sample" as recited in claim 34. 

In the Office Action, the Examiner states in response to the argument filed on April 9, 

2009 that "The molecules disclosed in Yue et al. are human secreted proteins (SCEP) and 
therefore would be found in bodily fluids such as blood, plasma or serum. — Ruben et al. 
disclose bodily fluids such as blood, plasma or serum can be used In a method to detect 
polypeptide levels using an antibody directed to said polypeptide." See Office Action, page 6, 
lines 11-15. 
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Applicant respectfully submits that the Examiner's reasoning appears to be based on a 
deliberate interpretation of the term "secreted protein" as an extracellular protein secreted out of 
the cells. Applicant respectfully submits that such an interpretation would be unjustified because 
the term "secreted protein" originally has a broad meaning, including both proteins secreted out 
of the cells and those anchored on the membrane. 



AppUcant respectfully submits that, it is clear from the description of Yue et al. cited 
below (See Yue et al. at page 83, line 28 to page 84, line 5; and page 84, line 27 to page 85, line 
4) that the "secreted protein" has a broader meaning including proteins anchored on a cell 
surface, such as membrane proteins: 

"Alternatively, an assay for SECP activity measures the amount of SECP in secretory, 
membrane-bound organelles. Transfected cells as described above are harvested and 
lysed. The lysate is fractionated using methods known to those of skill in the art, for 
example, sucrose gradient ultracentrifugation. Such methods allow the isolation of 
subcellular components such as the Golgi apparatus, BR, small membrane-bound 
vesicles, and other secretory organelles. 

Immunoprecipitations from fractionated and total cell lysates are performed using SECP- 
specific antibodies, and immunoprecipitated samples are analyzed using SDS-PAGE and 
immunoblotting techniques. The concentration of SECP in secretory organelles relative 
to SECP in total cell lysate is proportional to the amount of SECP in transit through the 
secretory pathway. 

Alternatively, AMP binding activity is measured by combining SECP with 32P-labeled 
AMP. The reaction is incubated at 37°C and terminated by addition of trichloroacetic 
acid. The acid extract is neutralized and subjected to gel electrophoresis to remove 
unbound label. The radioactivity retained in the gel Is proportional to SECP activity." 
See Yue et al. at page 83, line 28 to page 84, line 5. 

"Alternatively, an assay for SECP activity measures the expression of SECP on the cell 
surface. cDNA encoding SECP is transfected into a non-leukocytic cell line. Cell surface 
proteins are labeled with biotin (de la Fuente, M. A. et al. (1997) Blood 90: 2398-2405). 
Immunoprecipitations are performed using SECP-specific antibodies, and 
immunoprecipitated samples are analyzed using SDS-PAGE and immunoblotting 
techniques. The ratio of labeled immunoprecipitant to unlabeled immunoprecipltant is 
proportional to the amount of SECP expressed on the cell surface. 
Alternatively, an assay for SECP activity measures the amount of cell aggregation 
induced by overexpression of SECP. In this assay, cultured cells such as NIH3T3 are 
transfected with cDNA encoding SECP contained within a suitable mammalian 
expression vector under control of a strong promoter. Cotransfection with cDNA 
encoding a fluorescent marker protein, such as Green Fluorescent Protein (CLONTECH), 
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is useful for Identifying stable transfectants. The amount of cell agglutination, or 
clumping, associated with transfected cells is compared with that associated with 
untransfected cells. The amount of cell agglutination is a direct measure of SECP 
activity." 

See Yue et al. at page 84, line 27 to page 85, line 4. 

In addition, Yue et al. describes that 22 molecules out of 67 molecules shown in Table 3 
as "secreted protein" have a transmembrane domain in its motif. Applicant respectfully submits 
that such a description clearly indicates that the "secreted protein" disclosed in Yue et al. is used 
in its broader meaning where a cell surface anchored protein such as a membrane protein are also 
be encompasses by the term -secreted protein." 

Accordingly, Yue et al. suggests that C20orfl02 is a protein anchored on a cell surface 
but is not a protein secreted out of the cell. In view of the different nature of the two proteins, a 
person skilled in the art could not combine the C20orfl02 protein anchored on a cell surface as 
disclosed in Yue et al. and a method for detecting a protein present in free form in blood, serum 
or plasma as disclosed in Ruben et al. 

Applicant respectfully direct the Examiner's attention to the publication "Essential Cell 
Biology, 2nd Ed. p. 516-523", referred herein as "Reference" and a copy of which is attached 
herewith as Appendix A, which further supports applicant's discussion above. As clearly 
demonstrated in page 522, lines 1-10 of the Reference, those skilled in the art understood that the 
use of the term "secretion" is not limited to those molecules secreted out of the cells. 

Moreover, Applicant respectfully suggests that Yue et al. only discloses expression of the 
gene but not the expression of the polypeptides. Yue et al. discloses expression of the gene 
coding for the C20orfl02 protein represented by SEQ ID NO: 3 (polypeptide) which is said to 
have 51 % local homology with a mouse transmembrane protein (GenBank ID g7259265), but 
fails to show expression of the C20orfl02 protein. It was well established in the art that the 
expression level of a gene and the expression level of the corresponding protein are not always 
consistent. 
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Accordingly, a person skilled in the art could not have reasonably expected that the 
C20orfl02 protein is expressed in cancer cells based on the disclosure of Yue et al. which merely 
discloses expression of the gene but fails to show the expression of the protein. 

Therefore, Applicants submit that neither the Yue et al. reference nor the Ruben reference 
show or teach "A method of diagnosing cancer comprising detecting human C20orfl02 protein 
present in blood, serum or plasma" as recited in claim 29. Applicants also submit that neither the 
Yue et al. reference nor the Ruben reference show or teach "A method of diagnosing cancer 
comprising the steps of: (a) collecting blood, serum or plasma from a subject; and (b) detecting 
human C20orfl02 protein contained in the collected sample" as recited in claim 34. 

In view of the above, the invention claimed in the amended claim is not obvious from 
Yue et al. in view of Ruben et al. 

For the foregoing reasons, withdrawal of the rejection to claims 29 to 37 under 35 U.S.C. 
§ 103(a) is respectfully requested. 

Conclusion 

An early and favorable action on the merits is earnestly solicited. According to 
currently recommended Patent Office policy, the Examiner is requested to contact the 
undersigned in the event that a telephonic interview will advance the prosecution of this 
application. 



Respectfully submitted, 
DAVIDSON, DAVIDSON & KAPPEL, LLC 




Sunil Raval 
Reg. No. 47,886 



DAVIDSON, DAVIDSON & KAPPEL, LLC 
485 Seventh Avenue, 14'^ Floor 
New York, NY 10018 
(212) 736-1940 
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Figum SNARE prttteins piny a 

c&iit«l. role in membrane fusion. Pairing 
of v-SNAREs and l-BNAREs forcfis Mig iwo 
lipid bilayers info close' apposiiion. Lipids ■ 
Iheri (low between the two bilayors and tlift 
membranes fuse-. In a cell, other protei/is 
rocruiled io the fusion site presurnably 
cooperate wiili SNAREs to initiate fusion. ' 
Additional proteins help to.pty tlie Si»(ARli 
apart.. 




fusion complGX diat provides itie means to cross tl'iis energy banier The 
. SNA.RE proteins liiernselves are tliought to play a central m in the 
.tU8lon, process: after t>atritig, v-SNAJREs and t-SNAREs wrap atound 
eacli othijr. thereby.acdhg:Uke a wlhcli tim piilla the two merabranefi 
. imo close pmxixrilty (Figure l5^m^ 

Secretory Pathways" 

Vesicular traffic is. riot CDnfliied tcj- the interior of Uie cell. It extends to 
anj) from the pla8ma.niembrane. Newly made proteins; Upids, and car- 
boliydratcs are deliverecirtom the I2R, via the Golgi apparatus, to thc cell 
surl-ace by a-anspprtvftsiclcs that fuse.With the plasma membrane in a 
process, called fixocytosls. Each molecule that travels along this route 
■ passes thiough a fixed sequcAoe of membratae.endosed oompartmentG 
■.andis often chomfcally.niodified en route. . 
■ ^ to this sflction we follow the owtward path of pro,t6ins as diey travel 
from the F.n, where they are made aad modifiaii, tliroUgh the GoIkI 
.apparatus, Where they are further raodlfiea and sorted, to tlie plaama- 
!!!!!^,'^^"f' '^^fP^^'tfo passes fi:omoniecomp£rtfnenttoanofjier,itis 
monitored to check that it has folded properly and assembled wlik its' 

the cell surftice. while all of the others are degraded ln tlie cell.' 
Most. Proteins Are Cdvcil^ntly Modified Ih the ER 
Most protdns tliat enter the.fiR aie ch^^^^^ 

ftwf J?"^'"^''' o;ddadon of pairs of cysteine side ch.ias S 
Iumen..Thc o...5gifide bonds help to stabllJsse thcatructure of those pro- 
Z h^rT'T^'T "r"^"' ^""^ clegradative enzymes out- 
uted.;mto tlie plasma membrane. Disulfide bonds do not form in 
cyiwol. because of tlie reducing bilvironmtotthera. ' ~ ' 

!"J^^*f '^'Wte^-tteER: lumen brERmcmbrane mv. 
con^rt^ 0 ^ ycoprotohls In Uic EH by the covaIe,„ attacbri^t^ 
SSoSJS ^''t Thi« process olglyccysylation is c^v- 

. Q.nly I single.sugar (esidue-.aflacjhed to them, the oliRosaccharidcs on 
prote.ns.erve yanpus-functions, depending on.the i^-oteln S can 
KSl^d ^Tr """^ '"^^^^-^^ until it is?^ 

Qiiy folded pv hdp guide it to the app.mprlate organelle by servin? as a 
transpot-t signal for pada^gihg the protdn .J,«o .LpropSSinvt 
vesicles (as n the caoe Of lysosomal proteim discuSS ^ES 
piayed on the cell surface, oligosaccharide* form partS' SSS . 



In Che ER, individual sugars arc not added one-by-one to rhe pro- - 
i-ftin to create the oliRosucchadde side, chain. Inscead, a preformed, 
branched -oligosaceharide cnnaining a. total of 14 sugars is attached en 
bloc to all prottiins that carry the appropriate site for glycosylatioivThe' 
oligosacchQi'ide.is ovjgilially attached to a, specialized lipid, called 
dplivhol, in thfiER'membrano; it.is then iranaferred to the mninci (Nl-h) 
group of an asparaginc side diain ori the protein irrimedJatoly aftcr the- 
tfitget asparagine emerges in the EK lumen during protein D-anslocotion • 
(Figure 15.-22). The addi.iiori talccs place in a single enzymatic step cat- 
alyzed Ijy a membrane-bourid en^^TOe (an oligosacdiacjde .protein . 
tunsi'crase) tha:t has its active site exposed.on the luminal sid&of f.he E.U 
membrane, whicii explains why eytosolic proteins iire not glycosylated 
in, this way, A simple sequence of three amino adds, rsf whicli the 
a^pataginc is one, defines which aspavagino rcsidueis in a protein 
receive the' oligosaccharide. Qlignsncdiaride side chains linked to aii. 
asparaglne NHg j-rgup in apfoteln aresaid to bc.N-i/»fcfli!iandare.byfar 
the most common type of linknge.fotind on glycoproteins, 

The addition of the W-eugat oligosaccharide In the ER is oiily the- 
■i:ir.<it .step in a series of lurcher modifications before ihe matui'ei glyco- 
protein etnerges at the other end- of the outward pathway. Despite tiieir 
initial simHarlty, tlieAf-linkcd toiigosaccharides on mature glyoopx'Otelns 
are remarkably diverse. All of the divisdity results fiom ejctensive mocll- 
fication of tiie original precursor strucmre shown in Figure 15-22. This 
ottgosaccharido processor begins In t^e ER and continues in tlw Golgi . 



Question 15-6 
Wliy might It be advan- 
Vfigeous to add. a pre- 
a.'scembled block of 14 

' sugar I'es.idues 10 n pro- 
.tein in the lii!^, rather 
tl;jaii buildiriij the sugar 

■ ciiains gtep-hy-step on fhft .f-iiri^aceof 
the protein, by the. sequential addi- 
tion . of sugars^ by individual 
eiJisymos?. 



Exit from the ER Is Controlled to Ensure Protein Quality 

• Sontie proteins made in the ER are desdaed to funcdon there. They are 
retaiiied In the BR (and are returned to die ER when tl\ey escape to the 
Qolgi apparatus) by a Crterminal seciuence of four amino adds called 
mi m mention stgnal; (see.Table lS-3, p. 504), which ]$ recogjiized by a ■ 
rriembrane-tiound receptor protqln In the ER and Golgi apparatus. Uo&l 
proteins that enter the ER, however, ire destivxed f6r other locations; 



- W-oosiylE/iuapr.arnlne 




.Plfiure 15-22 Many pMteino ore 
glycosylated In the lii?. Almost as soon as 
ilie .polypiiipticie cMm eiiteis Hie.ER lurnen. 
it is glycosylated by addition of 
allgosaccharide side chains to- particular 
.asparagines In the polypftptide! Each 
oligo.sanciwicle chain is transferred tiS' an . 
. Intact Wile to the asparaglne froni a lipid 
■ called dotichol, Asporaglnos that arc 
glycosylateri are. always prfsent in. the 
Irlpeplide seciuences aspaiiaginB^serlna oi 
asparaf!lDe-X-lhfeontne, where X cari be 
a.ny amino acid.- 



FiftLire 15-23 Cliaperones prevent 
iiilsfolded or partially asaemljled prolrrlns 
•from leaving. the ER. Misfolded proieins 
bind to chaperone proteins In. ihe ER 
luineci and; <iro thereby- retolned, whereas . • 
normally folded proteins are iTsnspbrled in 
Iranspod vesicles lo (he Golgi apparatu?. H 
IliB trilsfolded proteins falito refold 
fiofmaily, they ore transported into the- 
cytosot, where (hey are degraded. ■ 




they are .packaged into transport .veMdes diat bud trom-tlie. BR and fuse 

. wth the Golgi appai-atus. . Exit fronv the- 
Proteins ili.at fold Up incoiTectly, ancPdiipeHc pi'jiKiltiracriG proteins 
that .rni I to assemble properly, are accivcly rctaineri k the ER by laindinc 

• • fo chaperpnc proteins that.resMe there. Interaction with chaperonca ? 
•holds the proteins m the TsR untilproper folding occtirs'; otherwise, the 
proteins arc ultimately degraded (Pigure .15-23), Antibody molec-taes, 
toi «cample. ate composed of four polypeptide chains (see PlgUre 4-32) 
that assemble jnto the compktG antibody molecule in the 111 Pavtially 
assembled .antibodleo arc retained in the EH until all four polypeptide 
.oham.<i have assaiibled; any antibody molecule that, fails to assemble 

. properly is ultimately; degraded. Fn diis way the M cotiti'ols.the quality 
of the proteuis that it exports to tlie Golgi appairatus, ' 

SomGdmes, however, tlVjs quality-conttolnicchanlsm can be dciri- 
me^nal to the organism. The predominant mutation that causes' the 
cpinmon geneTjc^discase c;/^rtc///jroffe, whicl:i causes severe degcneva. 
iien;.of the lung; for example, produoes a plasma-menibrane transport 
f'^^'^S^'^!?^'^^^ though themuTantproteih could 

. . runcfjpn norxrially as a-dilonde chtiiiftcl iht renched .tbe plasma mem- 

dise^e result^ not beqause the hiutatidn inactivates art importam pro- 
toh^ bu.C. because, the active proreln Is discarded by tlie dellS before i is 
. eW'^-n. an opportunity to function. . ■ . . • y^'^^^^is 

SlTSiSrT."^^'/ ■ '^"''1^ ^''''"^'^^ C'^li P"cieu5, and in ani- 

mal cells.ii IS often close to the centrosome, a small structure near the 

ceU^en,^tlT^ .,.g.,elle consists of a collection bfSSS W 

stacks oi plates. 'lachstackeontains-S-ao ciGternac (Figure j 5-24) The 
number of Golgi atacfe per ceil varies g«a^^^ 

exit S ™ h-f^-'"' or cis. faceandan 

exit, 01 tiansi face. The cjj face i.vad acent to the ER, while the frans face 
ml cisteiS't^ 
nH V .^W t r " ''^"^ .of •mfe'rcohnected membranou.<, tubes • 
.tnt C!J Colgi nmujvk via transport vesicles. deri\>od from thp PlV ThP 
■ pmtems travel tough the ci^evn.e in sequencJl^S^o^^ 

cduSSr^t Sr^°*'" ^'-^"^PP'^t^^^i^^K^s destined foreicKer the 
ceil sundce 01 another compartment fece Figure 15-17) Both the cis 
and ^^polgi -networks are thought to he hlpottant to- - 
SSrrS '^['''"¥•1"^^' can either nJove onwad 
through the Golgi stack or,..if they.cGntain an BR . retention. .<iignal, he 




Pigurc 15^24 Tlw .6olgl. apparatas Is made, of a alack of (latlened 
m'ambranftrenclesed sftcs. (A) Three-dimecislohial recohstrui tion of a 
Golgl stack. It was itsconsirucled from aleclron mibrogroiphs 
Golel apparatlis Ini a secretory- anlmal cclk (B) Electron mici 
a Qolgl Slack from a ,pl'ant:.o«ll, wnoro the Golgi apparatLis Is especially 
distlncl. The Golgi apparatuses orlonted as In (A), (C) The Golgi 
apparatus-ln a cultured flbroblasl slaind wlih a !luoriiSi;enL arilltjody 
• that labels the Golgi apparatus speoiHcaiiy, A rcd afrow indlpotos tlw ' 
direction of- the cgII's movement. Tjie c/s tace of tlie Golgi apparatus is 
close to llie nucleus, and lis /ran.-! face Is oriented toward tlie. dliedion 
of movement (A, tedtiawn inotn k Ranfiboiirg and:y. Ciermunl, 
Ew Ji Coll Biol. Slil-89-200. 1990j B, courtesy.bf Georga Palafle; .. 
Ci courtesy 6f John Honloy and Mam. McWlw^^^^ 

returned to the EH; prtiteins exiting the trans Golgi network ate sorted 
accot'din-K to whethex they arc desrinedfdr lysosomes .ot for Che cell sur- 
face. Wc discuss some exarnple.1 of-. sorting by the irani' Golgi network 
later, and we pieseriC .Some of the mediods for tracking proteins ihtougtii 
the secretory patlways of the cell in How We KnoW, pp. 5X0-621, 

Many of il^e oligosaccharide groups tihat.are |idded to proteins in 
tlie ER undftxgo further modifications hi tlie GolgUppaiatws. On some . 
protQlns^ for exarnple,.compl<»c.'oUgo8acchai'Ide cbalns are ctoateilby a 
liigbly ordered process ih wlilch tiugars' are added and removed by a 
series of enzymes that act in a rigidly determined seqrjence as the pro- 
tein passes through the Goijji stack, There is a clear correlation between 
the position .of an enzymHn the chain" of prbcessirig .events and its- 
localization in the Golgl stack: enzymes that act early are fpund .Jn cle- 
ternae clo-se to fhe wface, while enzymes liliat act late ale found in ci?- 
ternae near die traKS face, 

Socretory. Proteins Are Released -from the Cell by 
Exocytosis . . 

I n all cucaryotic ceils there is a steady stream of vesicles dial bud from 
Lh& trans Golgi network and fuoe with the plasma mcmbraiicThis cpn- 
siicume axocytods pathway opuraCes continually and supplies newly 
made lipids tind proteins to the plasma menibnine; it i.s fhe pathway for 



How W© Know: tracking protein and veslote transport 



Over Oie years, biologists haye taken advantage of a vari- 
ety of tecliniques to .untengla the pathways and mecha- 
alsms by whicli proteins.are soi'ted and transported into 
and out of tiie cell and Hs resident organelles. As we saw 
earlier, transferring an ER signal sequenee to a cyiosolic- 
protein allowed researchefc to confirm that such signal 
pftptides serve lo target prpteins' to specific hfraceilular 



racllondtlvfilv iaolai^a otaans'll* 




Figure 15.-25 Scvfiral methods can be used to deterfnlne 
whether a probin bearing a particuiar.tignal- Boqucncc fs. 
I'Mnsported Inlo a preparation of isolated oi'gaiveliiss,. 
. tA) Tlie labeled protein wilh or wltlioiU a signal sequence 
Is Incubated with (he ofKanellfts-aiid Hie preparation is ' 
centrifuged. Only those, iabelsd proteins thatcohlaihod a 
Mgnal seiiuence will be Iransponeci: arid ihorefore. shoi ild 
co^fractlonatD wllh the organelle. (B) Tlifi "labeled prolsins 
are incubated wllh thft organelle, aiici a proleaso Is added ' 
lo the iireparstion. A transported protein will be seiogtivoly ■ ■ 
. protecied Irom digestion by (he protease; adding a ' . ■ 
deterfienl that .disrupts.. tlie orpnRlle membrane will 
eliirtlnalc that ni-oteclioii and tlio' transported pfotoln will - 
also be degraded.. ' ■ 



compartments— m. this cxainpio, the ER (see Figure 
15-6). Bui such sIgnal-swappiriR experimeints- are not the 
only way to track a protein's projjress through the cell. 
Biochemical, genelioy. and molecufar iilological and micro- 
sebpic teciiniques ajso provide a meatis for isLudying how 
•proteins shuftie. frorfi oiie cellular compartment to.another, 
In soiine; cases, . these , methods cari bo used to track the 
m.lgratlort of proteins and' transport vesicles in. real tlm§ 
inside iivirig (ieils. . ' . ' 

In a tube . 

A protein bearing a signal sequence csn be intfodiiced to 
a preparation of isolated organeiles lo a test tube, This'lnix- 
tufe can then be cested to see whetJier the protein will be 
l<il<en up by ihe ofganelle bieing examined. The protein is 
usually produced- in v'iito by cell-free translation of a pgri- 
fied mf^NA . encoding the- polypeptide; in the process, 
radioactive ahiino acids can be usisd lo label the pfotein so 
that it will bo easy to Isolate and to follow. The labeled pro-, 
teln is ifidihated witli a selected organelle, and its tranoldr 
cation. rtioftitored by.one of- geveraJ different metlnods 
(l-igurel5-2?i). .. 

Ask a yeast 

Movement of proteins .between difroront eellular compart- 
ments via transport vesicles has been stuclied exiunsively 
using genetic techniqijes. Studies of mutant yeast cells that 
.are defective lor secr-etion at iiigh lernperatures have Iden- 
lined more than -^S genes, that are lnvoived in exocytosls. 
Many of.th.ese mutant genes encode lemperature-sensitivo 
proteins ;thaf arc involved in transport .and iecretipn. 
These mutant proleins may function normally at 25°e, b)Jt 
when the' yeast colls are shifted to 35«C, they are inacti- 
vated. As a result, when researcheirs raise the tempera- 
ture, proteins destined for .secretion instead accumulate 
inappropriately in Ifio ER, the Golgl Apparatus.' or trans- 
port vesid.ft.s (figure 15-26);; ..■ . ■ 

At the movies 

Perhaps the most dramatic rnethod for tracking iJ protein as 
ft moves throuEhoyf. the ceil involve.^ tagging the polypiip- 
tidewith.gleen flupfesceni protein (GFP). Using the eeniitic 
. Gnglneertng-.tGGhniqiJes discussed In Chapter 1 0, this small 
protein cah be fused, to otiier cellular proteins. Fortunately 
for mosi.prc)teins,<;furiiedi the additian of GFP does pot per- 
turb tiie. molecule's normal function or transport. The- 
itinvftinenf of a CaFP-tagged protein can then be monitored 
ina living cell with a fli.iorescQnt.micro!SCope. - 

GFP fusion proteins arewidely used to study the location and 
movement of proteins in cells (Figure 15-27). GFP fused to 




Figure 15-26 Temperature,- 



e mutants hnvo been used to dissect the protein secretory pathway in yeast. Mutations In 
genes involved at dlllcrcnt stages of the transport, process result In the accumulation- (if proteins in (he EB, the <5olgl apparatus, or 
other transport vralcles. For fexample. a mulaHon A tliaf blocks transport .from- die fiR to tho Qdlai apparatus Wiii cau$e a buildiip. 
of proleins in the ER. A inulalion B lliat blocks exit of pfotefns from the Golgl gpparaius will cause proieins to accumuljtle wifliin 
that: organollo, 



proteins that sliultlti in ancl'out of the . nucleus, for &(amp\a-, ' 
can be used to study nuclear transport events, GFP fused to ' 
plasma merriWariG proteins cafi be usod to maiasure the. 



kinetics oif tKeIr movement through the secretory palhiway. 
.. Movies demonstrating the power and beauty of tliis technique 
am included on the CO tliat accomiJani^s Uiis book. 
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n ■ ^ '""'f Proteins lo be traoKed throughout the coll. in this experimenl, GFP lo fusccl to a viral coat 
mnmi^l H 'f'^"'' ''^'^'' ^^'^'^^^ WQUld be assemi^d. Th. viral coal protein used in thiVexpe^imem JuS 
mi^ 7f . th^ SFP fusion protein rapidly accumulatos at ER exit citeo: iC) fhc lusion protein then 

Sh ad?nSSrh^'^'''l''-r^' P^^'^'" "^^''^"^ ^° Plasmi. me,r,brane. The iSlo betS he two 



Figure 1 5-28 In secretory cells, the 
fc^ulateci and coiiatltutlvo pathways pf 
exocytosis <!iverge In tile trans Golgj 
. iietworK. Many soluble protoins are' ' 
continually secreted from the cell by tlii^ 
constitutive secretory pathway, which 
operates In all cells. This pathway also 
continually supplies the plasma membrane 
witii newly synthesized lipids and proteire. 
Spcciolfzad sfiwetofy cells have, In 
adrJItlon, a regulaieiJ exooytosls -patliwoy, 
by which selected protoins Ift the trans 
Goigl mwofk are divortcci into sficrelory . 
vesiolos, where tlie proteins arc ' 
cohcfinlrated and storsd until an 
extracellular iiignal stimulbtcs their 
secretion. It is Linciear how aggregates ol 
secrctQiy proieins'sre sesregated Inlo . 
.-.Rcretory vesicles. Secretory veslclos have 
ui ilqufc! proteins m their rnambrflnes,-. 
. perhaps some of these piBieins" act as 
receptors for secretary protein aRgregatos m 
the irans Golgi network. 



plasma mcnibrane gi-Awi-h wiicn cell.? enlarge befoiti divldiny. The con- 
stitutive pathway also carries pfotelhs to the cell surl'aci?. rn be released 
■ to the oui;sidi5, n process called secretion. SorntJ of the released proteins 
adhere to the cell surface, where they become peHpheial pvoteiiis of the 
plasma memlDfade; some are incoipomed into the extracellular macrijf; 
still, others diffuse into the' extracellular, fluid to nourish or to sigrial 
:othe.r dells. . Beftause entry into idi is nonselective pathway does not 
require.aparticulsir signal seciuerice (like the ones that direct pro teins to 
:Iysosotties or baclc to the ER), it is soraetimes referred to as thu dofaiiU 
pathway. 

In addition to the con.-ititufive exi3cytosis pathway, which opevatcs 
continually In- all. eucaryotic cells, Chore is. a ligulmd exocytosis path- 
way, which operates only, in cells that arc specialized . for fieftrctlon. 
Specialized ieen3W>y ceifr produce large quantities of particular prod- 
ucts, stjch as IVoimoneif, mucus, or digestive enzymes, whicli arc stored 
in sccretoiyvosidca for IStej; release. ThM^ bud off from the ' 

mns Golgi ncrwojk ati.daeouaiuI.atc nicai- the plasma membrane. There 
they wait for the extraeeHular sign^ Clmtwill stimulate th6m b fuse with 
the plasnia membrane and release tlicir aont^ms to the cell exterior • 
a?igurc 15-28). An increase' in blood kIucosc, for example, Signals cells 
in the pancreas to secrete the hprmoiie insulin (Bgiirc 15-29). ' 

■ Proteins destined for secretory vesicles are sorted and paclcaged in 
the- r/tjAw Golgi networlc. Proteins that travel by this pathway have spe- 
. eial-surfece prnpevties that cause diem to agigregate wii;h onc another 
under the ionic conditions .Cacidic jpH .and hi^ Ck'^*) that prevail in the 
trans Gol$i network. The aggregated protcina- ore recognized by an 
unknown mcchanisnri arid packaged into seeriftory vesicifes; wliich 
pinch- off from tlie notwotk. ProtoinS secreted by the con.5tituflvc path- 
.way do not aggregate and :are therej*ore carried auiomadcally to the 
plasntia membrane by the transport vesicles of tlie constitutive pathway. 
Selecuve aggregation h.as ctnotlier function; it allows secretory proteins 
to be packaged Into gccretory veeiclea at canqentiratlons much higher 
dtan^thc cqncentratioh of &e uiwggregated pyottiin In the Golgi lumen, 
ihismcteaselaconoenttatlcn Qfmteacliupt6.2fl6.fAld, eiiabllngsiicre. 
lory cells to.rcleasfl la»-ge amounts of the protein prompdy when trirt- 
,ggted.tod6sg:fee.jBiig«re.lS-^$). • V " 





l-lGLirB.i5-29 S6.orotory vesicles package 
. and dischai'ge concentfated aggmgales of 
protein. The etectcoii micrograph shows 
" the; release of Insulin Inlo the extracellular 
space from'.a secrelofy vesicle of a 
pancfeailc p cell. The insulin is stored In a •■ 
ii.ighiy concewrated form In each soorotory 
, vesicle and :is released only wfhcn the cejl 
Is signaled to secrete by ail increastj In . 
glucose levels Iti ihe blood. (Cburtooy o( 
Lello Qrcl, from L. Orci, J.D. Vassali; and 
■A. PsrrftlRf, ScLAm. 255:85-94,' 1988.) 



: . Wlien a seiDwtoiyycsiclB or transport veside fuses w 

membrane and dischurges its .contettts by cxocycosis, its membrarife 
becomes part of tlie plasinn niembi-ane. Although tiiis should greatly 
mcvease the smfacu.area of the plasma manibwue,; it does so only tvan- 
siently because membrane. coiTipotioms are removed &om other 
regions of the surface by endocytosia aimbsl: asfast Jts they ate added by 
cxocytoais, This removal returns botlt the lipids and the proteins of the 
vesidp membrane to the Golgi network, wherithey caxi be used again, 

Enddcy tic Pathways 

BucaiyrDtic cells are continuaily taldng up .fluid, as well as large aad 
small molecules, by thepwcess of endocytosis. SpcciaUzed celfeayo also 
able to mtemaliiie large particles and even other cells. The material to • 
be mgesced is progressively enclosed by a small ponlon of tiiie plasma- . 
membrane,, which Orst buds inward and then pinches off to term an- 
intraceJlularenirfocj/rtcycjic/ftTheingeSted materia 
ar«d tp lysosomeB, where it is digested. The faetabolites generated by 
digestion are iran.^fen-ed directly out of the lysosome imo the cytosol, 

,. whare they can be used by the cell.. : ■ ■ 

_ TWc main iypes of cndocy losis are distinguished on the basis of the 
size of die endocytic vesicles formed, Pinocytosis ("cellular drinkine") 
involve,? the ingestion of fluid a«d molecules via smajl^-esicles (<150 nm ' 

. diameter), mgocyrosw ("cellular eating") involves die ingestion of 
.larpp,^rt.clesi sudvasmicroorganlsmsandcelldek^is, vialnv^^ 
called p/iflfi-osomw (generally >«o nm in diameter). Wliereas all eueary- 
otic cells are continually ingesdng fluid and molecules by plnocytosis, 
large parncles aj'e ingciSted mainly by specialised phagocytb: celk 

final section we t!:a;ce the endocytic 
plasma membrane to lysosomes. We start by considering the uptake bf 
lai'ge.parUcles by phagocytosis, . ■ ■ ' 

Specialized Phogcjcytlc Cells Ingest Large Particles 
The.-most dramadc form of endocytosis, phagocytn.si.s, was first 
observed more i:hao a hundred years ago. In pro tozoa, phagocytosis Is a 
.urrn ur Jetsdmg: microorganisms ingestlarge particles, such as bacteria 
l>y tal<mgC:hem up into phagosomes; ihese phagosomes then fuscwith 
y^osomss, where Che food p,<irtioles are digested.- Few cells iu multicel- 
ular organisms are able to ingest large. particles efficiently-In the ani-- 
ma! gut, for example, large pm.-tides offood-have ta be broken down to- ' 
individual niolecule.'j by extracelhilar eiizymea before rheycan betaken ■ 
up by the aljsprptive cell.s lining die guL ' . -. 



Qncilioii jl 5-7 
What would .yo.u expect 
to happen In. eeJls that 
sccvpjie large, nmoums of 
protein through the teg- ' 
ulateclseeretiiiy, pathway ^ 
if the Ionic conditions in . 
die M lumen ertiijd be changed to 
resemble, those in the lumen of ihe 
tmruGoIgl network? , 



